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ABSTRACT 



Prior to formation of a polysilicon film on a wafer, a 
pre-coat film having a thickness of 1 ^m and consisting 
of polysilicon is formed on the inner wall surface of a 
reaction tube or the surface of a member incorporated 
in the reaction tube, A polysilicon film is formed on the 
wafer at a temperature of 450* C. to 650* C. A cleaning 
gas containing CIF3 having a concentration of 10 to 50 
vol. % is supplied into the reaction tube at a flow rate to 
an area of an object be cleaned of 750 to 3,500 
SCCM/m2 to remove a polysilicon film deposited on 
the inner, wall surface of the reaction tube or the surface 
of the member incorporated in the reaction tube by 
etching using the CIF3. In this case, the cleaning gas is 
supplied while a temperature in the reaction tube is kept 
at a temperature of 450** C. to 650' C. and in a pressure 
condition set at the kept temperature such that an etch- 
ing rate of a polysiHcon film by the cleaning gas is 
higher than an etching rate of quartz constituting the 
reaction tube or the member incorporated in the reac- 
tion tube. . 

8 Claims, 10 Drawing Sheets 
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METHOD OF CLEANING REACTION TUBE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention ^ 
The present invention relates to a method of cleaning 

a reaction tube and, more particularly, to a cleaning 
method in which polysilicon, silicon nitride, and silicon 
oxide films deposited inside the reaction tube are re- 
moved by a cleaning gas containing CIF3. In addition, 
the present invention relates to a method of forming a 
film on the surface of a substrate to be processed. 

2. Description of the Related Art 

Conventionally, in the steps in manufacturing a semi- 
conductor device, a polysilicon-bascd film such as a 
polysilicon film or a silicon epitaxial growth fihn, a 
silicon nitride film, or a silicon oxide film is formed on 
a substrate to be processed such as a semiconductor 
wafer by low-pressure CVD, atmospheric-pressure 
CVD, or the hke. 20 

For example, in the step of forming a polysilicon- 
based film, a heat treatment apparatus constituted by 
arranging a heater around a reaction tube consisting of 
quartz or the like is generaDy used. For example, a 
wafer boat in which a large number of semiconductor 25 
wafers are stored is loaded in a reaction tube kept at a 
predetermined temperature, and reactive gases such as 
an SiH4 gas, an SiHzCh gas, an Si2H6 gas, and an H2 gas 
are supplied into the reaction tube, thereby performing 
a film forming process of a silicon (Si)-based film. The 30 
loading/unloacring operations of semiconductor wafers 
are generally performed to a reaction tube kept at about 
a process temperature. 

When the above film forming process is performed, a 
poly silicon-based film is deposited on the reaction tube 35 
of the heat treatment apparatus or other quartz jigs. 
When the thickness of the polysUicon-based film depos- 
ited on the reaction tube and the like is increased, it is 
peeled and scattered. The scattered film pieces are ad- 
hered on semiconductor wafers. This is a factor of de- 40 
creasing the yield of the semiconductor wafers. The 
above problem is also posed in film forming processes of 
a silicon nitride film and a silicon oxide film. 

The film deposited inside the reaction tube is gener- 
ally removed to be described below at a predetermined 45 
frequency. That is, the temperature in the reaction tube 
is decreased to about an atmospheric temperature, the 
reaction tube, the quartz members, and the like are 
removed, and they are wet-washed with a diluted hy- 
drogen fluoride (HF) solution to remove the deposited 50 
film. 

In the method of cleaning the inside of the reaction 
tube according to the wet washing, however, the appa- 
ratus must be stopped for a very long time to increase/- 
decrease the temperature in the reaction tube and to 55 
remove the reaction tube and the like. Therefore, the 
operational efficiency of the heat treatment apparatus is 
disadvantageously degraded. 

A system such as a load lock system for always hold- 
ing a reaction tube and a loading part in a vacuxim state 60 
in a heat treatment apparatus is proposed. In this case, 
since the heat treatment apparatus is mostly sunounded 
by a vacuum chamber, an object subject to cleaned such 
as a reaction tube consisting of quartz cannot easily be 
removed from the heat treatment apparatus. In recent 65 
years, the diameter of a semiconductor wafer tends to 
be increased, and the size of a heat treatment apparatus 
is increased accordingly. In this case, since the sizes of 



2 

a reaction tube main body, a quartz jig, and the like are 
increased, they cannot easily be removed from the ap- 
paratus to wash them. As described above, in the wet 
cleaning, the heat treatment apparatus must be disas- 
sembled into parts to remove objects to be cleaned. 
Therefore, the wet cleaning cannot easily cope with an 
increase in integration density of a semiconductor de- 
vice and an increase in size of a wafer in recent years. 

In order to solve the above problem, dry cleaning in 
which an etching gas flows into a reaction tube to clean 
the inside of the reaction tube has been attempted. Ac- 
cording to this method, an etching gas such as a carbon 
tetrafluoride (CF4) gas, a nitrogen trifluoride (NF3) gas, 
or a sulfur hexafluoride (SFe) gas is supplied to a reac- 
tion tube, and a plasma is produced in the reaction tube, 
so that a film deposited inside the reaction tube is re- 
moved by etching. More specifically, it has been re- 
ported that cleaning can be performed without produc- 
ing a plasma by using a chlorine trifluoride (CIF3) gas as 
an etching gas. 

However, as the CIF3 gas has high reactivity, a mate- 
rial such as quartz constituting a reaction tube and a jig 
incorporated in the reaction tube are etched by the 
CIF3 gas under a high-temperature condition. For this 
reason, CIF3 haven*t been able to be considered to be 
used at a temperature of 400' C. or more, and cleaning 
is generally performed at a temperature of 400* C. or 
less. Therefore, in the film forming step under a temper- 
ature condition of 400* C. or more, and more particu- 
larly, 600° C. or more, the temperature in the reaction 
tube must be decreased to 400' C. or less by spontane- 
ously radiation to perform cleaning using the CIF3 gas. 
In addition, the temperature in the reaction tube must be 
reset to restart the film forming step. As a result, the 
cleaning requires a long time, and the operational effi- 
ciency of the heat treatment apparatus is degraded. 

As described above, both the conventional wet-clean- 
ing and dry-cleaning methods require cumbersome op- 
erations, and a long time is required to perform these 
methods. For this reason, the methods are not suitable 
for frequently performing cleaning in the film forming 
step to always keep the inside of the reaction tube clean. 
In accordance with an increase in integration density of 
a semiconductor device in recent years, an operation 
environment is required to be more clean. However, 
this requirement cannot easily be achieved by the con- 
ventional cleaning methods. 

.SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
cleaning method in which cleaning of the inside of an 
reaction tube can be safely, efficiently performed for a 
short time to remove a film deposited inside the reaction 
tube. 

It is another object of the present invention to pro- 
vide a method of forming a film on a substrate in which 
dry cleaning using a CIF3 gas is performed under a 
condition of a high temperature close to a process tem- 
perature of a fdm forming process to clean the inside of 
a reaction tube for a short time in the film forming step, 
so that films can be formed in a very clean environment. 

That is, according to the present invention, there is 
provided a method of cleaning an inside of a reaction 
tube, comprising the steps of: 

supplying a cleaning gas containing CIF3 having a 
predetermined concentration into the reaction tube at a 
predetermined flow rate to remove a film deposited on 
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an inner wall surface of the reaction tube or a surface of FIG. 9 is a graph showing the etching rate of TEOS- 

a member incorporated in the reaction tube by etching Si02 and a process temperature; 

using the CIF3, FIG. 10 is a flow chart showing a sequence of an 

wherein the cleaning gas is supplied while a tempera- embodiment of a method of forming a film according to 

ture in the reaction tube is kept at not less than 450' C. 5 the present invention; 

and in a pressure condition set at the kept temperature FIG. 11 show graphs showing the numbers of m- 

such that an etching rate of the film by the cleaning gas creased particles per wafer in the steps of the method of 

is higher than an etching rate of a material of the reac* forming the film shown in FIG. 10; 

tion tube or a member incorporated in the reaction tube. FIGS. 12A to 12C are graphs respectively showing 

Accordmg to the present mvention, there is provided 10 amounts of impurity in a polysilicon film formed on a 

a method of forming a film on an object to be processed, wafer surface before and after a cleaning process is 

comprising the steps of: performed; and 

heating a reaction tub^ FIGS. 13A to 13C are graphs respectively showing 

loading the object in the reaction tube and then sup- amounts of impurity in a polysilicon film formed on a 

plying a source gas into the reaction tube to form a film 15 wafer surface before and after a cleaning process is 

on a surface of the object; and performed. 

unloading the object on whose surface the film is rM=-rATT e:t>» r^T^or^njirrir^i^j r\T7 tttt- 
formed and then supplying a cleaning gas containing ior?m?«^ owrl?^ 
ClF30f a predetermined concentration into the reaction FKEFERRED EMBODIMENT 
tube at a predetermined flow rate to remove the film 20 An embodiment in which a method of cleaning the 
deposited on an inner wall surface of the reaction tube inside of a reaction tube according to the present inven- 
or a surface of a member incorporated in the reaction tion is applied to cleaning of a batch type vertical heat 
tube by etching using the CIF3, treatment apparatus will be described below with refer- 
wherein the cleaning gas is supplied while a tempera- enoe to the accompanying drawings, 
ture in the reaction tube is kept at not less than a temper- 25 First, the vertical heat treatment apparatus used in 
ature of the heated reaction tube and in a pressure con- the present invention will be described below with 
dition set at the kept temperature such that an etching reference to FIG. 1. A vertical heat treatment apparatus 
rate of the film by the cleaning gas is higher than an 1 has a reaction tube 2. The reaction tube 2 has a double 
etching rate of a material of the reaction tube or a mem- structure including an outer tube 3 having an upper 
ber incorporated in the reaction tube. 30 closed end and a lower opening end and an inner tube 4 
Additional objects and advantages of the invention coaxially arranged in the outer tube 3 with a predeter- 
will be set forth in the description which follows, and in mined interval and having upper and lower opening 
. part will be obvious from the description, or may be ends. The outer tube 3 and the inner tube 4 consist of a 
learned by practice of the invention. The objects and heat-resistant material such as quartz, 
advantages of the invention may be realized and ob- 35 A heater 5, a heat-insulating material (not shown), 
tained by means of the instrumentalities and combina- and the like are arranged around the reaction tube 2 so 
tions particularly pointed out in the appended claims. as to surround the reaction tube 2. 

no TCTT T^cor-T> Trrrrr^vT -rm fm? a Ai/Txrn c ^^^^^ ^^^^ ^^^^ ^ "^^^ tube 

BRIEF DESCRIPTION OF THE DRAWINGS ^ supported by a manifold 6 consisting of stainless 

The accompanying drawings, which are incorpo- 40 steel or the like. A disk-like cap portion 7 consisting of, 

rated in and constitute a part of the specification, illus- e.g., stainless steel, is arranged at the lower opening end 

trate presently preferred embodiments of the invention, of the manifold 6 such that the cap portion 7 can freely 

and together with the general description given above be opened and closed. When the cap portion 7 is closed, 

and the detailed description of the preferred embodi- the opening of the lower end portion of the manifold 6 

ments given below, serve to explain the principles of the 45 is air-tightly closed by the cap portion 7. 

invention. A rotating shaft 8 extends through almost the central 

FIG. 1 is a schematic view showing an embodiment portion of the cap portion 7. The lower end portion of 

of a vertical heat treatment apparatus to which a the rotating shaft 8 b connected to a lifting mechanism 

method of cleaning a reaction tube according to the (not shown) and a rotating mechanism (not shown), 

present invention is applied; 50 A heat-insulating cylinder 9 is arranged on the upper 

FIG. 2 is a graph showing relationships between surface portion of the cap portion 7, and a wafer boat 10 

temperatures and the etching rates of polysilicon, sili- is mounted on the heat-insulating cylinder 9. A plurality 

con oxide, and silicon nitride; of semiconductor wafers 11 serving as objects to be 

FIG. 3 is a graph showmg relationships between the processed arc stacked and stored on the wafer boat 10 at 

etching rates of polysilicon and quartz and gas flow 55 a predetermined pitch. The wafer boat 10 consists of, 

rates; e.g., quartz. 

FIG. 4 is a graph showing relationships between the The cap portion 7, the heat-insulating cylinder 9, and 

etching rates of polysilicon and quartz and pressures in the wafer boat 10 are integrally loaded by the above 

the reaction tube; lifting mechanism. In this manner, the heat-insulating 

FIG. 5 is a graph showing a relationship between a 60 cylinder 9 and the wafer boat 10 are stored in the reac- 

cross-point pressure and a process temperature; tion tube 2, and the cap portion 7 air-tightly closes the 

FIG, 6 is a graph showing a relationship between a lower opening end of the manifold 6, 

cross-point pressure and a total gas flow rate; A gas guide pipe 12 is arranged at a predetermined 

FIG. 7 is a graph showing relationships between the portion of the side wall of the manifold 6 to cause a gas 

etching rates of dlicon oxide and positions in the reac- 65 outlet end 12a to linearly extend inside the manifold 6. 

tion tube; A source gas supply system 13 and a cleaning gas supply 

FIG. 8 is a schematic view showing a quartz rod used system 14 arc connected to the other end of the gas 

in tests of the embodiment; guide pipe 12 through switching valves 13a and 14a, 
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TABLE 1 




Acceptable Range 


Most preferably 
condition 


Temperature 


450* C. to 650* C. 


620" C. 


Pressure 


0.3 to 5 Torr 


ITorr 




(Preferably 






0,5 to 2 Torr) 




Concentration of 


10 to 50 vol. % 


20 vol. % 


CIFa 






Flow rate of 


1500 to 7000 SCCM 


3500 SCCM 


cleaning gas* 






Cleaning Time 


50 to 150 min. 


100 min. 


Area of Object'* 




2.1 m^ 


Thickness of Film 




10 iim 
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respectively. Gases supplied to the reaction tube 2 are the Si-based film deposited inside the reaction tube 2 is 

switched by the valves 13a and 14a removed by etching using CIF3. 

The cleaning gas supply system 14 has a CIF3 gas In this case, the concentration of CIF3 in the cleaning 

supply unit 15 serving as an etching gas source and an gas, the flow rate of the cleaning gas, and the pressure 
Njgas supply unit 16 for supplying an N2 gas serving as 5 of the cleaning gas are set such that the etching rate of 

a carrier gas for diluting a CIF3 gas. The gas supply an Si-based film by the cleaning gas is higher than the 

units 15 and 16 arc connected to the gas guide pipe 12 etching rate of a material constituting the reaction lube 

through mass-flow controllers (MFCs) 17 and 18 and at a portion to which the Si-based film is deposited, 

valves 19 and 20, respectively, A tape heater 22 is when the temperature in the reaction tube is set to be 
wound round a piping system 21 of the CIF3 gas supply ^0 the process temperature, i.e., between 450" C, and 650"" 

unit 15 to prevent the CIF3 gas from being liquefied C. 

again in the pipe. Acceptable and most preferably conditions for form- 
On the other hand, one end of a discharge pipe 23 is ing a pclysilicon film and cleaning inside of the reaction 

connected to the lower end portion of the reaction tube tube according to the present invention will be shown in 

2 so as to be open to the space between the outer tube 3 Table 1. 

and the inner tube 4. A vacuum pump 24 is connected to 

the other end of the discharge pipe 23. A detoxification 

device 25 incorporating a chemical agent cylinder 26 

storing chemical agents for absorbing or decomposing 

harmful or dangerous gases is connected to the dis- 
charge side of the vacuum pump 24. 
At this time, an oil-free dry pump is preferably used 

as the vacuum pump 24 because of the following reason. 

That is, since a cleaning gas contains CIF3. when an oil ^5 

pump is used, pump oil may be often be degraded by the 

cleaning gas and a pump main body may often be de- 
graded by pump oil or chlorine or fluorine mixed in the 

oil. 

The step of forming a polysilicon film using the Verti- 3^ :^^:f^ l^^^^^::^ and an inner and outer 

cal heat treatment apparatus 1 and the step of cleaning surface area of an inner mbc. 

the inside of the reaction tube will be described below. Onter tube 

The wafer boat 10 storing a large number of semicon- . ^^^^^ diameter 0.25 m 

ductor wafers 11 each having a diameter of 5 inches is ^„rf^,e area 0.78 m^ 

loaded in the reaction tube 2 heated to a process temper- 35 inner tube 

ature, e.g., 450' C. to 650' C, preferably, 620" C to 630* inn„ diameter 0.21 m 

C, and more preferably, 620' C. At the same time, the Length 1 m 

reaction tube 2 is air-tightiy closed by the cap portion 7. ^^^^ and Outer surface area 1.32 m^ 

A pressure in the reaction tube 2 is decreased to, e.g., Total 2.1 m 

1 X 10-3 7orr^ ^^d a source gas such as an SiH4 gas is 40 

supplied from the gas guide pipe 12 into the reaction Each conditions shown in the Table 1 will be de- 
tube 2 at a predetermined flow rate. While a degree of scribed in detail below. 

vacuum is kept at 0.5 Torr, a polysilicon film is formed First, as the cleaning gas, a gas obtained by diluting a 

on the surface of each of the semiconductor wafers 11. CIF3 gas with, e.g., a charge gas such as an Ar2 or N2 

In this case, the source gas is supplied into the reac- 45 gas is used. FIG, 2 shows relationships between temper- 

tion tube 2 while the switching valve 13^2 of the source atures and the etching rates of polysilicon (poly-Si), 

gas supply system 13 and the switching valve 14a of the Si3N4, and Si02 when cleaning is performed at a pres- 

cleaning gas supply system 14 are set in a closed state sure of 1.3 Torr by using a cleaning gas containing CIF3 

and an open state, respectively. having a concentration of 10 vol. %. As is apparent 

After the above film forming process is completed, a 50 from FIG. 2, when the concentration of CIF3 is less than 

purge gas such as an H: or N2 gas is supplied into the 10 vol. %, the etching rate of the Si-based film is too 

reaction tube 2 to purge the source gas in the reaction low at the process temperature. On the other hand, 

tube 2, so that the inside of the reaction tube 2 is set in when the concentration exceeds 50 vol. the material 

a harmless atmosphere at an atmospheric pressure. The (e.g., quartz) constituting the reaction tube 2 and the 

wafer boat 10 is unloaded from the reaction tube 2. At 55 like is etched to be damaged. The concentration of 

this time, the temperature in the reaction tube 2 is kept CIF3 is most preferably set to be 20 vol. %, 

at the temperature of the film forming process. The concentration of CIF3 can be adjusted such that 

In the forming step, an Si-based film is deposited the flow rates of CIF3 and N2 gases are properly set by 

inside the reaction tube 2, i.e., the inner wall surface of the MFCs 17 and 18 prior to a cleaning process, 

the outer tube 3 or the inner and outer wall surfaces of 60 Second, the total flow rate of the cleaning gas is 

the inner tube 4. In this case, the Si-based films include dependent on the concentration of CIF3 in the cleaning 

a polysilicon film (poly-Si), a amorphas silicon film gas, the surface area inside the reaction tube 2, the thick- 

(a-Si), or the like. The Si-based film is removed as fol- ncss of the film and the condition of depositing the film, 

lows. The reaction tube 2 is air-tightly closed by the cap FIG. 3 shows relationships between gas flow rates and 

portion 7, and a cleaning gas containing CIF3 is supplied 65 the etching rates of polysilicon and quartz. In this case, 

from the gas guide pipe 12 into the reaction tube 2 the concentration of CIF3 in the cleaning gas is 10 vol. 

heated to a temperature of 450' C. to 650* C. The reac- the temperature in the reaction tube 2 is 620" C, and 

tion tube 2 is kept at a predetermined pressiu*e, so that the pressure in the reaction tube 2 is 1 Torr. 
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Third, FIG. 4 shows relationships between pressures For example, the following structure may be used, 
and the etching rates of polysilicon and quartz. In this That is, the gas guide pipe 12 is bent upward to stand in 
case, the concentration of CIF3 in the cleaning gas is 20 the reaction tube 2, and a plurality of gas output ports 
vol. %, the temperature in the reaction tube 2 is 620* C, are formed along the longitudinal direction of the stand- 
and the total flow rate of the cleaning gas is 3,500 5 ing pipe, so that the cleaning gas can be uniformly sup- 
SCCM [700/2.800 CIF3/N2 (SCCM/SCCM)]. As is plied to each wafer. ni onmy sup 

apparent from HG. 4, the etching rate of quartz is in- The cleaning gas may be continuously or intermit- 
creased m proportion to an increase in pressure. In tently supplied. 

contrast to this, the etching rate of polysilicon is in The cleaning gas containing CIF3 is suppUed into the 
inverse proportion to the pressure. Therefore, when a 10 reaction tube 2 under the above conditions to perform 
cleanmg process is performed at a pressure lower than a cleaning of the inside of the reaction tube 2. In this case, 
pressure (to be referred to as a cross-pomt pressure the Si-based film (i.e.. the polysilicon fUm) deposited 
heremafter) (2.5 Torr m FIO. 4) at which the etchmg j^side the reaction tube 2, e.^ tiie inner waU surface of 
rate of quartz is equal to the etching rate of polysihcon, the outer tube 3 and the taier and outer periphliS 
a po^sUicon fJm deposited mside 4e reaction tube 2 15 j^^^es of the inner tube 4. can be removed at a suffi- 
can be removed by etclung usmg CIF3 without d^ag- ^ient etching rate without damaging quartz constituting 
mg the quartz comtatutmg the reaction tabe 2. From ^uter tube 3 and the imier 4. In addWon, 

ftispoint of view, the pressure m the reaction tube2 m cleaning can be performed whUe the temperature iA the 

f f '^^T'*"'7'^K^'°^n^,'*^P-?'**"''!! ^ reaction tube 2 is kept at a temperature of 450' C. to 

^or^n,!.?™! ? tT ^' V JT' '"^ «50- C. which is the tempera Je of the fihn forming 
more preferably. 1 Torr. as shown m the Table 1. ^^3^ „f ^ polysilicon fdk For this reason, in shifting 

However, the above cross-pomt pressure ^ ^ged {'te fihn fomling step to the cleaning step or MfSe 
depending on the temperature in the reaction tube 2, the rA^^^\^rr <.*o« ♦i.- « „ «i« r • IT 
concentration of ClFs^ the cleaning gas, and the otal 2^SI.?on h^^^ fommg s^ep, the tempera- 
flow rate of the cleaning gas. When the salne conditions 25 ^T^ri^J^'-^^^^^ ^'^^ '""T^^ 
as described above are usid except that the temperature f L^H? h '^T'^^ ^k' ""^"^S 
in the reaction tube 2 is changed, a relationship between ^^^^^^tfl '^ . f ? ^ operational 
thecross-pointpressureandthetemperatureisshownin ^^rT ^ 
FIG. 5. When the same conditions^ described above '1''^^!^^"^^^^^ In addition, the cleamng process 
are used except that the total flow rate of the cleaning 30 Performed by etchmg usmg CIF3 without pro- 
gas is changed, a relationship between the cross-point f ^«^^^fv - jx ex. , 
pressure and the gas flow rate is shown in FIG. 6. As is ^^iT^l T 
apparent from FIG. 5, the cross-point pressure is in "^^"^^ ^ sihcon-mtnde-based^^ deposited mside the 
inverse proportion to the temperature in the reaction °[ ^ 
tube 2. As is apparent from FIG. 6, the cross-point 35 ;jsing the above vertical heat treatment apparatus 1 
pressure is in proportion to the total flow rate of the ^" d^nbed below, 
cleaning gas. The cross-point pressure is also influenced t r^^^ ^^'^'^ ^"^"^ 
by the discharging ability of the vacuum pump 24. f^aces of the wafers U is performed under the follow- 
Therefore, the cleaning process is preferably performed example, a source gas containing 
such that the pressure is adjusted within the above 40 nuchas S1H4, S1H2CI2, and NH3 is used, the temperature 
range in consideration of these other factors. ?° ^® 5^^^^'^^ tube 2 is 600' C to 850* C. and the 

Fourth, the processing time of the cleamng process ^t«^al pressure m the reaction tube 2 is 1 x 10- 1 Torr. 
(described as "cleaning time" below) is dependent on ^^^^ process operations are the same as those of the 
the concentration of CIF3 in the cleaning gas, the sur- ^^^P °^ forming polysilicon as described above. Most 
face area inside the reaction tube 2, the thickness of the 45 Pr«i«rably, the step of forming a silicon nitride film is 
fihn and the condition of the fdm deposited. When the Performed under the following conditions. That is, a 
conditions excepted from the cleaning time are same as Process temperature is 780* C, a pressure is 0.4 Torr, 
that shown in the Table 1, the cleaning time can be ^ containing SiH2Cl2 and NH3 are sup- 

selected in a range between 50 min. and 150 min. ac- P^^^ ^ rate ratio of 90/900 SiH2Cl2/NH3 
cording to a size of the reaction tube 2, its material, a 50 (SCCM/SCCM). 

condition of the film forming process or the like. For ^ manner as described above, under the 

example, under the most preferably condition as shown following conditions, a cleaning process of the inside of 
in the Table 1, all of the film deposited inside the reac- reaction tube 2 is performed to remove a fihn depos- 

tion tube 2 can be removed by performing the cleaning .^^ reaction tube 2 in the step of forming a 

process for 100 min. 55 silicon nitride film. 

The cleaning gas is supplied into the reaction tube 2 Acceptable and most preferably conditions of a 
such that the switching valve 14a of the cleaning gas cleaning process in a film forming process according to 
supply system 14 and the switching valve 13a of the present invention will be shown in Table 2. 

source gas supply system 13 is set in open state and a TABLE 2 

closed state, respectively. At this time, since the gas 60 — — 

outlet end 12a of the gas guide pipe 12 is arranged to Acceptable Rang e ^ndiSof 

linearly extend from the side wall surface of the mani- ^ , ^ — — 

fold 6 toward the central axis of the inner tube 4 of the 03 to i Tot fron 

reaction tube 2, the supplied cleaning gas collides (Preferably 

against the heat-insulating cylinder 9, the turbulent flow 65 0-5 to 2 Torr) 

of the cleaning gas is formed in the reaction tube 2, and Concentration of 10 to 50 voL % 20 vol. % ' 

a portion opposite to the gas guide pipe 12 can be sufil- ^ate of 1500 to 7000 sccm 3500 sccm 

ciently cleaned. deaning gas* 
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TABLE 2-continued 





Most preferably 


Acceptable Range 


condition 


Cleaning Time 35 to 1 10 min. 


70 min. 


Area of Object** 


2.1 


Thickness of Film 


5 p-m 


*It is sasnz u decided in Tabic 1 




••It b siime as decided in Table I 





5 



Each conditions shown in the Table 2 will be de- 10 
scribed in detail below. 

The temperature in the reaction tube 2 is set to be a 
temperature (more specifically, 550° C. to 650" C.) rela- 
tively lower than the above film forming process tem- 
perature, Le., 600* C. to 850* C. As is apparent from 15 
FIG. 2, when the concentration of CIF3 in the cleaning 
gas is 10 vol. %f an etching rate enough to etch the 
silicon nitride film cannot be obtained at a temperature 
lower than 550* C. On the other hand, when the tem- 
perature exceeds 650* C, the etching rate of quartz 20 
constituting the reaction tube 2 and the like is increased, 
thereby damaging the reaction tube 2 and the like. 

The concentration of CIF3 in the cleaning gas is de- 
termined within a range set such that, as in the above 
removal of the Si-based film, an etching rate enough to 25 
etch the silicon nitride film can be obtained at the tem- 
perature (550* C. to 650* C.) of the cleaning process and 
a material (e.g., quartz) constituting the reaction tube 2 
and the like is not damaged by etching. More specifi- 
cally, the concentration of CIF3 falls within the range of 30 
10 to 50 vol, %, and more preferably, 20 vol. %, 

The total flow rate of the cleaning gas, as in the above 
removal of the Si-based film, is dependent on the con- 
centration of CIF3 in the cleaning gas, the surface are 
inside the reaction tube 2, the thickness of the film and 35 
the condition of the film deposited. 

The pressure in the reaction tube 2 during the clean- 
ing process, as in the removal of the Si-based film, is set 
such that the etching rate of a silicon nitride film is 
higher than the etching rate of quartz. That is, the clean- 40 
ing process is performed at a pressure lower than the 
cross-point pressure. However, the cross-point pressure 
is changed depending on the temperature in the reaction 
tube 2, the concentration of CIF3 in the cleaning gas, 
and the total flow rate of the cleaning gas. In addition, 45 
the cross-point pressure is also influenced by the dis- 
charging ability of the vacuum pump 24. Therefore, the 
cleaning process is preferably performed such that the 
pressure is adjusted within the above range in consider- 
ation of these factors, 50 

The cleaning time is dependent on the concentration 
of CIF3 in the cleaning gas, the siirface area inside the 
reaction-tube 2, the thickness of the film and the condi- 
tion of the film deposited. When conditions except from 
the cleaning time are same that shown in the Table 2, 55 
the cleaning time can be selected in a range between 35 
min. and 1 10 min. according to a size of the reaction 
tube 2, its material, a condition of the film forming 
process or the like. For example, under the most prefer- 
ably condition as shown in the Table 2, all of the film 60 
deposited inside the reaction tube 2 can be removed by 
performing the cleaning process for 70 min. 

When the cleaning process is performed under the 
above process conditions, a silicon-nitride-based film 
(i.e., the polysilicon nitride film) deposited inside the 65 
reaction tube 2 can be removed at a sufficient etching 
rate without damaging quartz constituting the reaction 
tube 2 and the like. When the temperature in the reac- 



10 

tion tube 2 is slightly increased or decreased from the 
process temperature of 550* C, to 650* C. in the film 
forming process of a silicon nitride film, the cleaning 
process can be performed. For this reason, in shifting 
the film forming step to the cleaning step or shifting the 
cleaning step to the new film forming step, the tempera- 
ture in the reaction tube 2 can be increased and de- 
creased for a short time. Therefore, a time required for 
cleaning can be considerably shortened, and the opera- 
tional efficiency of the heat treatment apparatus 1 can 
be remarkably increased. 

Cleaning for removing a silicon oxide film deposited 
inside the reaction tube 2 in the step of a silicon oxide 
film using the vertical heat treatment apparatus 1 will be 
described below. 

Silicon oxide films are formed on the surfaces of the 
wafers 11 under the following conditions. For example, 
a source gas containing such as SiH4, SiHaCh, O2, N2O 
and alkoxysilane (Si(OC2H5)4) is used, the temperature 
in the reaction tube 2 is 400* C. to 850* C, and the 
pressure in the reaction tube 2 is 1.0 Torr. 

Other process operations are the same as those of the 
step of forming polysilicon. 

In the step of forming the silicon oxide film, a clean- 
ing process for removing a silicon-oxide-based film 
deposited inside the reaction tube 2 as in the removal of 
the Si-based film is performed. 

The temperature in the reaction tube 2 is set to be 
450* C. or more, preferably, 620* C. because of the 
following reason. That is, as is apparent from FIG. 2, 
when the concentration of CIF3 in the cleaning gas is 10 
vol. %, an etching rate enough to etch the silicon-oxidc- 
based film cannot be obtained at a temperature lower 
than 450* C. 

The concentration of CIF3 in the cleaning gas is de- 
termined within a range set such that an etching rate 
enough to etch the silicon-oxide-based film is obtained 
at the process temperature (450* C. or more) of the 
cleaning process and the material constituting the reac- 
tion tube 2 and the like is not damaged by etching. 

More specifically, the concentration is set within the 
range of 10 to 50 vol. %, and more preferably, 20 vol. 
%. 

The cleaning process can be performed such that the 
total flow rate of the cleaning gas, as in the removal of 
the Si-based film, is set within the range, preferably, 
3,000 to 3,500 SCCM, and more preferably, 3,500 
SCCM. 

The pressure in the reaction tube 2 during the clean- 
ing process, as in the removal of the Si-based film de- 
scribed above, is set such that the etching rate of the 
silicon oxide film is higher than that of quartz. That is, 
the cleaning process is performed at a pressure lower 
than the cross-point pressure. More specifically, the 
pressxire in the reaction tube 2 during the cleaning pro- 
cess at the above process temperature is set to be 0.5 
Torr or less and more preferably, 1 Torr. 

However, the cross-point pressure is changed de- 
pending on the temperature in the reaction tube 2, the 
concentration of CIF3 in the cleaning gas, and the total 
flow rate of the cleaning gas. The cross-point pressure is 
also influenced by the discharging ability of the vacuum 
pump 24. Therefore, the cleaning process is preferably 
performed by adjusting the pressure within the above 
range in consideration of these factors. 

FIG. 7 shows a dependency of the etching rate of 
silicon oxide on a position in the reaction tube. An ex- 
ample from which the results of FIG. 7 were obtained 
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was performed as follows. That is, test piece wafers A20 
to AlOO on which silicon oxide films serving as samples 
were respectively formed were arranged at predeter- 
mined intervals on each of quartz rods 71 each having a 
bent low end portion and a height almost equal to the 5 
reaction tube, e.g., a rod having a height of 100 cm as 
shown in FIG. 8, these rods 71 were arranged on the 
inner wall of the inner tube 4 and in the space between 
the inner tube 4 and the outer tube 3, and a cleaning gas 
flowed in the reaction tube. At this time, cleaning con- 10 
ditions were set as follows. That is, the temperature in 
the reaction tube 2 was set to be about 620* C, the 
pressure was set to be about 1.0 Torr, the cleaning gas 
was obtained by mixing a CIF3 gas at 700 SCCM and 
N2 gas at 2,800 SCCM with each other, and the concen- 15 
tration of CIF3 was set to be about 20 vol. %. A cleanmg 
operation was performed for 1 minute. As silicon-oxide- 
based films serving as the samples, both a Th-Si02 film 
formed by thermal oxidation and a TE0S-Si02 film 
formed by CVD using alkoxysilane were used. Accord- 20 
ing to FIG. 7. etching rates of 2.000 to 4,000 A/min 
were obtained at all the positions except for the reaction 
tube position A20 at the lower end portion of the tube. 
More particularly, the etching rate of TE0S-Si02 was 
3,000 to 4,000 A/min. This rate is considerably higher 25 
than an etching rate obtained when a conventional NFj 
gas is used. In this manner, it was found that a cleaning 
operation could be efficiently performed by using a 
CIF3 gas as a cleaning gas for a sUicon-oxide-based film. 

In this example, although the CIF3 gas is diluted with 30 
an N2 gas to obtain a CIF3 gas having a concentration of 
20 vol. %, this concentration may properly be changed. 

As described above, when a cleaning operation for 
removing a silicon-oxide-based film is to be performed 
using a CIF3 gas, the cleaning operation can be per- 35 
formed such that the temperature in the reaction tube 2 
is set almost equal to the temperature, e.g., about 620' 
C, of film forming process of a silicon-oxide-based film 
on a semiconductor wafer. For this reason, in shifting 
the film forming step to the cleaning step, the tempera- 40 
ture in the reaction tube need not be largely increased 
or decreased. In this case, even when the temperature in 
the reaction tube is increased or decreased, since the 
increase/decrease in temperature is small, both the steps 
arc continuously performed. 45 

FIG. 9 shows a relationship between a temperature 
and an etching rate of when a cleaning process is per- 
formed such that a CIF3 gas and an N2 gas flow at flow 
rates of 700 SCCM and 2,800 SCCM, respectively, to 
keep the pressure in the reaction tube at 1 Torr. An SO 
etching rate of 600 A/min can be obtained at a tempera- 
ture of 500* C. However, at a temperature of 400* C., an 
etching rate is too small to be practically used. There- 
fore, the temperature of 450" C. or more is preferable. 

In the above embodiments, cases wherein the present 55 
invention are applied to a film forming process have 
been described. The present invention can also be ap- 
plied to a case wherein a film is deposited inside a pro- 
cess tube by, e.g., an etching process, an ashing process, 
or the like. 60 

Results obtained by evaluating damages to the reac- 
tion tube 2 and the like caused by the above cleaning 
method will be described below. 

A quartz jig on which a polysilicon film having a 
thickness of 10 )iin was formed as sample was subjected 65 
to cleaning for 120 minutes in a furnace using a cleaning 
gas (carrier gas: N2) having a concentration adjusted to 
20 vol. % of CIF3. The inside of the furnace was heated 



370 

12 

to 630* C, and the pressure in the furnace was 1.3 Torr. 
In this manner, the polysilicon film could be almost 
completely removed, and a decrease in thickness of the 
quartz jig was 6 to 10 /im. In addition, the quartz jig 
surface became rarely roughened. It was found that the 
reaction tube and the like were rarely damaged by the 
cleaning process. 

A quartz jig on which a silicon nitride film having a 
thickness of 5 fim was formed as sample was subjected 
to cleaning for 80 minutes in a furnace using a cleaning 
gas (carrier gas: N2) having a concentration adjusted to 
20 vol. %. The inside of the furnace was heated to 630' 
C, and the pressure in the furnace was 1.5 Torr. In this 
manner, the polysilicon film could be almost completely 
removed, and a decrease in thickness of the quartz jig 
was 6 to 7 )Ltm. In addition, the quartz jig surface be- 
came rarely roughened. It was found that the reaction 
tube and the like were rarely damaged by the cleaning 
process. 

Dust produced in the film forming process to which 
a cleaning process was applied was evaluated. In this 
test, the following film forming process and the follow- 
ing cleaning process were performed in accordance 
with the flow chart shown in FIG. 10. 

(i) A reaction tube consisting of quartz was cleaned 
by a diluted hydrogen fluoride (HF) solution (101). 

(ii) A wafer boat in which cleaned 5-inch bare wafers 
were set at the lower, middle, and upper portions of the 
wafer boat was loaded in the reaction tube, an idle 
process was performed using an N2 gas, and the wafer 
boat was unloaded. In this state, the number of particles 
each having a diameter of 0.3 fxm or more and deposited 
on the surface of one bare wafer was counted. The 
average value of the numbers of particles each having a 
diameter of 0.3 fim or more and deposited on the sur- 
faces of three bare wafers which were not subjected to 
the idle process was used as an initial value, and differ- 
ences between the initial value and counted values were 
calculated as the numbers of increased particles (test A). 
The idle process was performed under the following 
conditions: a process temperature, 630* C; a pressure in 
the reaction tube, 1.3 Torr; a process time, 30 minutes; 
and the flow rate of an N2 gas, 1,000 SCCM. The test 
was repeated twice. The obtained results are indicated 
by Ai and A2 in FIG. 11, respectively. 

(iii) The wafer boat was not loaded, and the inside of 
the reaction tube, i-e., the inner wall surface of the outer 
tube or the inner and outer wall surfaces of the iimer 
tube, was coated with a polysilicon film having a thick- 
ness of 0.6 /xm (102). This polysilicon fdm is called a 
pre-coat film. This pre-coat film was formed under the 
following conditions: a process temperature, 620' C; a 
pressure in the reaction tube, 1 Torr; a film forming 
process time, 100 minutes; and a source gas flow rate 
ratio SiH4 120 SCCM. 

(iv) In accordance with the same procedure as that of 
test A, the numbers of increased particles on the bare 
wafer surfaces were counted (test B). This test was 
repeated twice. The obtained results are indicated by 
Biand B2inFIG- U. 

(v) The wafer boat in which a plurality of wafers 
were set was loaded in the reaction tube, and a polysili- 
con film having a thickness of 10 ^m was formed on 
each of the surfaces of the wafers (103), The polysilicon 
film was formed under the following conditions: a pro- 
cess temperature, 620* C; a pressure in the reaction 
tube, 1 Torr; a film forming process timer 100 minutes; 
and a source gas flow rate ratio. SilL; 120 SCCM. 
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(vi) After the wafer boat was unloaded, the numbers (e.g., quartz) constituting the reaction tube or the like in 
of increased particles on the bare wafer surfaces were the film forming process can be preferably used. More 
calculated in accordance with the same procedure as preferably, the same material as that of a film deposited 
that of test A (test C). This test was repeated twice, and on the wafer surface in the film forming step can be 
the obtained results are indicated by Ci and C2 in FIG. 5 used. 

^\ , , , , . ^ . ^ ^ As a matter of course, the pre-coating process, as 

(vu) Subsequently, cleanmg of the inside of the reac- described above, is performed when no wafer is present 
tion tube was performed under the following condi- ^ ^^^^^^^ ^^^^ ^^^^^ process is per- 
10ns: a process temperature, 630 C, a pressure in the ^^^^^ ^ pre-coating process includes 

tube, 1.3 Torr; a cleamng process time, 120 minutes; a 10 ^ Tk„* • - X. «i r • 

flow rate, 3,5(X3SCCM;iid the concentration of CIF3, following processes. That is m the film forming 

20 vol % (104) process step for the wafers, a film formed inside the 

(viii) After the wafer boat was loaded, the numbers of f ^^^^ a pre-coat film, and the next film 

increased particles on the bare wafer surfaces in accor- forming process is performed, 
dance with the same procedure as that of test A (test D). 13 Contamination occumng m the cleaning process was 
This test was repeated four times, and the obtained evaluated as follows. 

results are indicated by Di to D4 in FIG. 11, (a) A polysilicon film having a thickness of 1 jim was 

The above steps 102 to 104 were repeated four times. deposited oh the surface of a bare wafer, and this wafer 
The obtained results are shown in FIG. 11. was used as Sample L This film forming process was 

As is apparent from FIG. 11, when the numbers Ci 20 performed under the following conditions: a process 
and Cz of increased particles obtained after the polysili- temperature, 620' C, a pressure in the reaction tube, 1.3 
con film is formed were compared with the numbers Torr; a film forming process time, 120 minutes; and a 
Di to D4 of increased particles obtained after the clean- source gas flow rate ratio, SilLj 120 SCCM. 
ing process was performed, significant differences were (b) Upon completion of step (a), the inside of the 
not recognized. Although some results (Di in the sec- 25 reaction tube was cleaned by using a cleamng gas con- 
ond and third tests) had the relatively large numbers of taining CIF3. This cleaning process was performed 
increased particles after the cleaning process was per- under the following conditions: a process temperature, 
formed, the numbers were within an allowable range in 63o» C; a pressure in the reaction tube, 1.3 Torr; a 
a normal film forming process. As a result, it was con- cleanmg process time, 120 minutes; a flow rate, 3,500 
firmed that the cleaning process performed by etching 3^ gCCM; and the concentration of CIF5, 20 vol. %. 
using CIF3 did not adversely affect a degree of clean- ^pon completion of the cleaning process in step 

ness of the mside of the reaction tube. . (b), a polysilicon film having a thickness of 1 was 

In the above tests, although a cleamng process is ^ ^.^^ ^^^^^^ ^^^^^^ ^^^^ ^^^^^ ^^^^ 

perfomied each ume a film forming Process is per- ^^^^^^^^ ^ ^^^^^ 

^nTft t^lT^rl^J^T^ r^^n^^^ ^ Sample II. At this time, a polysilicon film 

the film formmg process is performed preaetermmea , . ^-l* 1 r 1 r j ■ • ^ 

^ ^ ^ ^ havmg a thickness of 1 ixm formed inside the reaction 

times. * u 1 £^ ^ iri 

Since a pre-coat film is formed by pre-coating process ^^^,^f ^ ^ pre-coat mm 
in step 102 on the inner wall surface of the outer tube or (d) Upon completion of the film fonmng process m 
the inner and outer wall surfaces of the inner tube in the step (c), a polysilicon film havmg a thickens of I ;im 
reaction tube subjected to the cleaning process, parti- ^ was deposited on the surface of still another bare wafer 
cles produced during the cleaning process and left on under the same conditions as those of step (a). This 
these wall surfaces are covered with the pre-coat fiUn. wafer was used as Sample III, 

For this reason, these particles are not removed from In Samples I to III obtained as described above, 
the surfaces in the film forming process step (103) which amounts of impurities (CI, F, Fe) in the polysilicon films 
is to be performed to the wafer surfaces later, thereby on Samples I to III were measured by a micro element 
preventing the particles from being deposited on the analyzer (SIMS). The obtained results are shown in 
wafer surfaces. FIGS. 12A to 12C and FIGS, 13A to 13C, respectively. 

An acceptable range and a most preferably thickness As is apparent from FIGS. 12 A to 12C and FIGS. 13 A 
of the pre-coat film will be shown in Table 3. to 13C, when the amounts of impurities in the wafer 

(Sample I) subjected to the film forming process before 
the cleaning process was performed were compared 
with the amounts of impurities in the wafers (Samples II 
and III) subjected to the film forming process after the 
55 cleaning process was performed, significant differences 
were not recognized. 

When the thickness of the pre-coat film is less than 0.2 .^^^^^^ ^ ^ ^^1^^^ contamination 

the particles produced by removing from the smr- ^^"^^ wet-cleamng process usmg a conventional 
face of quartz, which is toughened by etching of CIF3, ^ ^^^^^^^^ compared with contamination 

cannot be decrease sufficiently. On the other hand, 60 occumng m dry-cleamng process according to the pres- 
when the thickness exceed 1 ^m, the film forming time ^nt mvention are shown m Table 4. 
is extended and the amount of the used source gas be- TABLE 4 

comes larger, as a result, loss of the source gas is oc- sample f ci 

curred. — 

AS a xnatcrial for the pr«-coat film for example. 65 ^^^^^^^ ^ x .o;3 4.o x .o-o 

polysilicon, silicon mtnde, or, suicon oxide can be used. jy ^ q ^ jq12 j ^ ^ j^io 

However, the material are not be limited by there and wet- v 4.1 x lo'^ L2 x ]0" 

materials which are excellent in adhesive to a material cleaning vi 2.8 x lo'^ 5 3 ^ jqio 



TABLE 3 






Most preferably 




Acceptable Range 


thickness 


Thickness of prc<oat 


0.2 to I 


0.6 fim 
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SAMPLE 


F 


CI 


VII 


1.9 X 10^2 





•Unit; iioms/cn)^ 



In Table 4, Sample IV is obtained by performing the 
same film forming process as that in step (d) after form- 
ing a film whose thickness of 5 fim. Comparative Sam- 
ples V to VII obtained by using wet-cleaning process 
correspond to Sample II to IV obtained by dry-cleaning 
process. Comparison Samples V to VII are obtained 
when the inside of the reaction tube 2 is cleaned, in 
accordance with a conventional method using a diluted 
HF solution, by wct-cleaning process in place of the 
dry-cleaning process using a cleaning gas containing 
CIF3 in step (b). 

As is apparent from Table 4, when Sample II to IV 
obtained by applying the dry<leaning process using the 
cleaning gas containing CIF3 were compared with 
Comparison Sample V to VII obtained by applying the 
wet-cleaning process using the diluted HF solution, 
significant differences between the amounts of impuri- 
ties (F, 01) in the polysilicon films on Sample n to IV 
and the amounts of impurities in the polysilicon films on 
Sample V to VII were not recognized. 

As a result, it was confirmed that the cleaning process 
using CiF3 according to the present invention causes no 
contamination in a film forming process. 

Additional advantages and modifications will readily 
occur to those skilled in the art, Therefore, the inven- 
tion in its broader aspects is not limited to the specific 
details, and illustrated examples shown and described 
herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended 
claims and their equivalents. 

What is claimed is: 

1. A method of cleaning an inside of a reaction tube, 
comprising the steps of: 
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supplying a cleaning gas containing CIF3 in a concen- 
tration of 10 to 50 vol. % into said reaction tube at 
a flow rate to remove a film deposited on an inner 
wall surface of said reaction tube or a surface of a 

5 member incorporated in said reaction tube by etch- 
ing using the CIF3; 
maintaming the temperature in said reaction tube at 
not less than 450^ C. while said cleaning gas is 
supplied; and setting a pressure condition such that 

10 the etching rate of the film being removed by the 
cleaning gas is higher than the etching rate of the 
material of said reaction tube or a member incorpo- 
rated in said reaction tube, said film being selected 
from the group consisting of a polysilicon based 

15 film, a silicon nitride based film, and a silicon oxide 
based film. 

2. A method according to claim 1, wherein a flow 
rate of the cleaning gas to an area of an object be pro- 
cessed falls within a range of 750 to 3500 SCCM/m^. 
20 3. A method according to claim 1, wherein a pressure 
falls within a range of 0.3 to 5 Torr. 

4. A method according to claim 1, wherein when the 
film is the polysilicon-based film, a temperature in said 
reaction tube is 450* C. to 650* C, a flow rate of the 

25 cleaning gas to the area of the object be processed is 750 
to 3,500 SCCM/m^ and a pressure is 0.3 to 5 Torr. 

5. A method according to claim 4, wherein the clean- 
ing gas is supplied for 50 to 150 minutes. 

6. A method according to claim 4, wherein when the 
30 film is the silicon-oxide-based film, a temperature in said 

reaction tube is 450" C. to 650' C, a flow rate of the 
cleaning gas to the area of the object be processed is 750 
to 3,500 SCCM/rn^, and a pressure is 0.3 to 5 Torr. 

7. A method according to claim 1, wherein when the 
35 film is the silicon-nitride-based film, a temperature in 

said reaction tube is 550' C. to 650' C, a flow rate of the 
cleaning gas to the area of the object be processed is 750 
to 3,500 SCCM/m^, and a pressure is 0.3 to 5 Torr. 

8. A method according to claim 7, wherein the clean- 
40 ing gas is supplied for 35 to 110 minutes. 

* « « * 4> 
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